INTRODUCTION
The presence of water vapor also contributed to the reduced rates of release.
Other studies have shown that the rate of dissolution of ions from amalgams into saline was very low once the amalgam had set6,7), and was possibly inhibited by the existence of a surface layer formed during immersion.
It is apparent that the surface oxide layer formed on amalgam affects the evaporation of mercury and the dissolution of elements into solution.
Characterization of this surface layer is necessary for further evaluation of the mode of mercury release from amalgam. The purpose of this study was to investigate the differences in the composition of the surface layer formed on a zinc-free and zinc-containing amalgam under three environments (air, water, and saline) at 1h after polishing. X-ray photoelectron spectroscopy (XPS) is most appropriate for this study, because XPS is suited for elemental analysis of surfaces, chemical state identification of surface species, and in-depth composition profiles of the elemental distribution in thin layers8). It is believed that this information will enhance the understanding of the rearrangement of constituent elements on the surface of amalgam during aging in different environments. In the zinc-free amalgam, the environment seemed to have little effect on the surface film (Figs. 1, 3 , and 5) and insignificant amounts of sodium and chlorine were found on the surface in saline (Fig. 5) . On the contrary, in the zinc-containing amalgam, environment had significant effect on the surface (Figs. 2, 4, and 6 ). Sodium and chlorine were present in high concentrations in the layer formed in saline, thereby reducing the relative concentrations of all other elements (Fig. 6 ). While zinc decreased at lower depth in air, and to a certain extent in water, the zinc concentration remained constant in saline (Figs, 2, 4, and 6 ). In addition, the zinc concentration was lower in water and saline than in air. Table 2 lists the core-level binding energies for silver, copper, zinc, and mercury before Table 2 Core-level binding energies (eV) of silver, copper, zinc, and mercury and after argon-ion-sputtering.
MATERIALS AND METHODS
Also, published binding energy data are summarized in Table 3 for comparison.
Since Sn3d5/2 XPS spectra have shoulders of the higher or lower energy side, the spectra were decomposed into two spectra (Fig. 7) , one originating from the metallic state and the other from the oxide state, according to Table 3 . The binding energies in the metallic and oxide states were 484.8eV and 486.9eV, respectively, and were constant independent of the sputtering time. The ratios of the integrated intensity of oxide-statespectrum to that of metallic-state-spectrum for each condition as a function of sputtering time are shown in Fig. 8 . In this figure, the larger the ratio is, the larger the magnitude of the oxidation of tin. The figure indicates that tin is more highly oxidized in the outer surface for all conditions.
DISCUSSION
The XPS data were obtained from areas (approximately 3mm2) which are much larger than 
